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Description 

[0001] This irwerrtion relates to a method of producing thin-fflm CMOS inverter circuit and to a method of producing 
the active matrix substrate of an active matrix liquid crystal display device having the inverter circuit as a peripheral 

5 drive circuit and which also includes an active matrix oSsptay portion having PMOS transistor pixel switches. 

[0002] With the recent rapid progress of semiconductor technology, there has been a demand for smaller, high- 
speed and sm8Jl^»wer<onsumption semk»rriuctor devices and apparatuses using such devices. The development of 
complementary MOS (CMOS) inverters using P-charmel and N-charmeJ enhancement type MOS field effect transistors 
(FET) as load and inverter devices among such apparatuses is being further promoted because the power consumption 

10 of this type of inverter is very small, although a complicated manufacturing process is required. 

[0003] Thin film transistor sTion-on-insulator cornpiernentary MOS circuits and methods for producing the same, 
are disclosed, for example, in each of the following publications (hereinafter referred to as publications (1) to (5)): 

1. K. Anzai. et aJ. location of high speed 1 micron FIPOS/CMOS". in EDM Technical Digest pp 796-799. 1984; 
is 2. AJ. Auberton Herve, et aJ. "Device performances of a submicron SOI technology", in IEDM Technical Digest PP 
808-811,1984; 

3. B-Y. Tsaur, et al, "Merged CMOS Bipolar Technologies and Microwave MESFETs utifeing zorie-rnelting^ecrys- 
talfised SOI fflms", in IEDM Technical Digest pp. 812-615, 1984; 

4. K. Hashimoto, et al, "Characteristics of submterometer CMOS tran si s to r s in irrplamed-buried-cxide SOI films*. 
20 in IEDM Technical Digest, pp 872-675, 1985; and 

5. H. Onoda. et al. "Si-gate CMOS devices on a Si/CaFjj/Si structure", in IEDM Technical Digest PP 680-683. 1 985. 

[0004] In particular, publication (4) d sdoses PMOS and NMOS thin fim SOI transistors produced by implanting 
oxygen ions. As descnbed therein oxygen ions were implanted with a dose of 2x1 0 1 8 cm' 2 and energies of 150 - 180 
25 keV, and this was followed by anneal treatment An implanted buri ed oxide layer of thickness 400nm was produced by 
this means. 

[0005] By comparison, publication (1) discloses production of CMOS inverters using oxidised porous silicon as 
means of the SOI insulation. An insulation layer of thickness 8um is reported therein. This is stated to suppress back 
channel leakage current for the NMOS transistors. A low junction leakage level of 1x10 12 A was achieved. 

so [0006] Publication (2) discloses CMOS ring oscillator manufacture using an SOI substrate on which the active Si 
layer was formed by laser zone-melting recrystallisation of Si deposited on an oxide layer on the surface of a Si monoc- 
rystalline bulk substrate. In the construction produced a back interface leakage event for NMOS transistors as low as 
0.2 pA/channel width was achieved with an oxide layer of thickness 200 nm. This document identifies back-gate para- 
sitic transistors in which the channels are coupled to the morxxrystafline bufe substrate with insulated gate. 

35 [0007] Rg. 1(a) shows an example of a CMOS inverter in section. A transistor 16 is an NMOS transistor while a 
transistor 1 7 is a PMOS transistor. The transistors 16 and 17 are formed on a substrate while being insulated by a base 
insulation layer 2 and separated from each other by SiOg 3. The MOS transistor 16 is constituted of an N* drains, a P- 
channel region 10, an N-type field limiting regions 12. 12', a gate insulation film 8. a gate electrode 9, a source electrode 
14, and a drain electrode 15. The gate electrode is ordinarily formed of a pdycrystalline Si, and the source and drain 

40 electrodes are formed of Al. 

[0008] The PMOS transistor 17 is constituted of a P* drain 6. a P* source 7, N-chamel region 11, a P^ypefieW 
limiting regions 13, 13', a gate insulation film 8', a gate electrode 9\ a source electrode 14', and a drain electrode 15*. 
[0009] Rg. 1(b) is an equivalent circuit diagram of the above-described CMOS inverter. As illustrated, the drain 
electrode 1 5 of the NMOS transistor 1 6 and the drain electrode 1 5* of the PMOS transistor 1 7 are connected to a com- 

46 monou|wt electrode. An output voltage at this oufoirt electrode is r^^ 

NMOS transistor 1 6 is connected to a low-voltage power supply, white the source electrode 14' of the PMOS transistor 
1 7 is connected to a high-voltage power supply. TTievottages of these po^^ 

The substrate 1 forms gate electrodes of parasitic MOS transistors with respect to the NMOS transistor 16 and the 
PMOS transistor 1 7. That is, a parasitic PMOS transistor having a gate insulation layer corresponding to the base insu- 

50 lation layer 2, a channel region corresponding to the region 11, and a source and a drain corresponding to the drain 6 
and the source 7 is formed, while a parasitic NMOS transistor having a gate insulation layer corresponding to the base 
insulation layer 2, a channel region corresponding to the region 10. and a source and a drain corresponding to the 
source 4 and the drain 5 is formed. in Fig. 1 (b) represents a voltage input to these parasK 
[0010] Rg. 9 shows input-output characteristics of a conventional CMOS inverter. In the case of conventional 

» CMOS inverters, it is difficult to increase the absolute value of threshold voltages of parasitic MOS transistors. If the 
threshold values of the parasitic NMOS and PMOS transistors are V^, and respectively, 
v tw>n - v tt*p ftt* threshold value of the PMOS transistor being ordinariy negative) > V DD -V^. 
[001 1 ] With respect to any value of V^, the parasitic NMOS or PMOS transistor can operate. As shown in Rg. 9, 
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in the case where V m becomes ctoser to Vm when Vk^ is about zero the parasitic PMOS transistor is operating and 
a leak current through the PMOS transistor inhibits the output from completely chopping to V^. On the other hand, in 
the case where V r becomes closer to Vss when ts about 3 V, the parasitic NMOS transistor is operating and a 
leak current through the NMOS transistor inhfccts the output from compietery rising to 

5 [Q012] As desofoed above, a leak current flows by the operation of a parasitic CMOS transistor in the conventional 
CMOS inverter, resulting in faiure to obtain an ideal input-output characteristic of the transistor. 
[0013] US-A-4409724 discloses a semiconductor device in which a CMOS transistor is formed on a thick quartz 
substrate. A polysilicon layer is disposed on the substrate which is then patterned to provide a plurality of islands. The 
islands are subjected to a laser annealing treatment at an intensity sufficient to cause recrystafcation. The porysificon 

io material in the islands is converted by the laser annealing to crystalline silicon having an enhanced electron mobility 
characteristics. A pair of islands of poiycrystalfine semiconductor material as annealed by energy from a focused 
energy source are then farmed into a CMOS transistor. 

[001 4] WO-A-8902095 discloses a liquid crystal cSsplay device with a SOI substrate having an epitaxial silicon layer 
lying over an implant generated dielectric layer. MOS device and capacitor elements used to activate the display are 
is formed and i nt e rcon n ected in the epitaxial silicon. The implant generated dielectric layer and the silicon substrate also 
serve as capacitor elements, thereby sirnpfitying the structure and fabrication of the display device and providing 
irrproved operation through irnproved isolation of the MOS device elements formed in the epitaxial si Icon from the sub- 
strate. 

[00151 JP-A-63- 142851 discloses a sernconductor device in which a conductive layer is provided under an FET 
20 with an insulating layer therebetween in order to orive the FET with increased stability. The insulating layer provided 
between the FET and the conductive layer has a thickness of between 2 x 1 0' 7 and 6 x 1 0~ 7 meters. When the potential 
of the conductive layer is grounded the conductive layer and channel regions of the FET have a large capacitance 
through the insulating film thus inhibiting the potential fluctuation of the channel regions due to the modulation of pulses 
having high frequency thus preventing the rnaJ function of the circuit 
25 [0016] In accordance with the present inventjon, there are provided methods of producing a thhvf im CMOS inverter 
circuit in accordance wfth claims 1 and 2, respectively. A method of producing the active matrix substrate of an active 
matrix liquid crystal display device and or either of these methods is defined in daim 3 attached 
[001 7J An emboriment of the present invention produces an inverter circuit free from the above-described problem 
and a liquid crystal display using the inverter circuit 
so [0018] The thm-fim CMOS inverter circuit produced in accordance with the present invention has an insulation 
layer thick enough to solve the above-described problem. 
[001 9] In the accompanying orawings: 



Fig. 1(a) rs a cross-sectional view of an example of an inverter of an inverter circuit produced in accordance with 
ss the present invention; 

Fig. 1(b) is a equivalent circuit diagram of the inverter shown in Fig. 1 ; 

Fig. 2 is a diagram of an input-output characteristic of a CMOS inverter of an inverter circuit produced in accord- 
ance with an embafiment of the present Mention; 

Fig. 3 is a diagram of film thickness -threshold value characteristics of a parasitic NMOS transistor; 
40 Fig. 4 is a diagram of film thickness-threshold value characteristics of a parasitic PMOS transistor; 

Fig. 5 is a diagram of a relationship between the threshold value and the film thickness of the parasitic MOS tran- 
sistors; 

Fig. 6(a) is a diagram of a SIMOX process practiced in accordance with a preferred (second) embodiment of the 
present invention; 

45 Fig. 6(b) is a oxygen concentration profile of the process of the preferred (second) errtxxJrnerrt; 
Fig. 7 is an illustration of a matrix substrate in a state of production by laser arinealing ; 
Fig. 8 is a cross-sectional view of an active matrix produced according to an embodiment of the present invention; 
and 

Fig. 9 is a diagram of input-output characteristics of a conventional CMOS inverter. 

60 

PESCRIPTrQN PF THE PREFERREP EMBODIMENTS 



[0020] The present invention will be described below in detail. 

[0021] As described above, in accordance with the principle of the operation of a CMOS inverter, a condition nec- 
essary for the existence of a value of with which parasitic NMOS and PMOS transistors cannot operate is 
V 8 e+V ttt]n <V 0D + V Wjp . 

[0022] V,^ and can be expressed as shown below. 
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tttxi 

^Ncn(2*F n ) 
v fb--0Q B s'Cbox-0-88V 

thbp 

»-(Q BP /C BOX )-24 F p + V 
Q BP -^N^Fp) 

V'FB * •QQsS /C BQX + 0 - 15V 



Cbox* the capacity per unit area of the base insulation layer (F/cm 2 ) 
q: elementary electric charge 
'5 Nc: a channel impurity concentration 

♦fn. *pp: psuedo Fermi potentials of the NMOS and PMOS transistors 
♦ F :-{kTAtirrKN c /n,) 

k: Bortzmann's constant 
20 T: absolute temperature 

n,: an intrinsic carrier density of Si 

V re : a flat band voltage 

25 [0023] Therefore. 

- (Qbn + QbpVCbck + 2*fn ♦ 2 *fp • 103. 

[0024] Each of the Qb N , Q bp $ fn , and <t> FP in the above ha6 only one value H the Impurity concentrations and 
so Ncp are determined. 

Since C aox = £ BQX /T Bax 

£eox : a dielectric constant of the base insulation layer 
35 Tbox: the thickness of the base insulation layer, 

only C B0X in the above equation is changed with the thickness of the base insulation layer. Accordingly 

V lf*fi " V thbp " K 1 T BCK + K 2 

40 

where 

Ki = Ebox (Qbn + Qbp) 

45 

and 

K 2 - 2^ + 24 F p. 1.03. 

60 

• • v dd • Vss < - « KJeox + K 2 

* T Bax >(V 00 .V es .K 2 yK 1 

[0025] If the base insulation layer has a thickness such as to satisfy this equation, the absolute value of the thresh- 
55 old values can be increased so that occurrence of a leak current is prevented. 

[0026] The thickness of an insulation layer in the conventional SIMOX substrate cannot be indefinitely increased, in 
accordance with the present invention, a monocrystal Si region is provided on a thick insulation layer by modified 
SIMOX (which may include subsequent epitaxial growth). 
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[0027] The present invention will be described with respect to Examples 3, 4. & 6 thereof, and other examples 1 , 2, 
5 of methods outside the scope of the present invention. 

*. 

Example 1 

5 

[0028J A monocrystal Si thin tarn was formed by using a porous Si substrate member. A method of mmrfacturing 

this monocrystal Si thin film will be descnoed below. 

[0029] In the porous Si substrate rr»i^ 

formed, which were observed through a transmiss^ 
10 that of monocrystal Si, but its monocrystaJ properties are maintained and a monocrystal Si layer can be formed on the 

porous layer by epitaxial growth. However, a rearrangement of internal holes takes piece at 1 ,000*0 or higher, and the 

characteristics of enhanced etching are thereby impaired. For this reason, a tow-temperature growing metwd, euch as 

a molecular beam epitaxial growth method, a plasma chemical vapor deposition (CVD) method, a thermal CVD 

method, a photo-CVD method, a bias sputtering method, or a fcqud crystal growth method, is preferred as a method tor 
is growing the Si layer. 

[0030] A method in whic*P-type Si is mate porous 

will be descrfoed below. 

[0031] First, a Si monocrystal substrate member is prepared and is processed by an anodization method using a 
HF solution to form a porous layer therein. While the density of monocrystal Si is 2.33 g/cm 3 . the density of the porous 
20 Si can beetled in the ranged 0.6 to 1.1^ 

% by weight This porous layer can easily rje torrned into a Si substrate member for a reason deserted below 
[0032] Porous Si was found in a process of studying electrolytic polishing of a semiconductor. In a dissolution reac- 
tion of Si in anodization, positive holes are required for anodization of Si in the HF solution. This reaction is expressed 
as follows. 

25 

Si + 2HF + (2 - n)e* -> SiF 2 + 2H* + ne" 
SiF 2 +2HF-»SiF4 + H2 

30 SiF 4 + 2HF->H2SiF 6 

or 

Si + 4HF + (4-X)e*->SiF4 + 4H* + Xe- 

35 

SiF 4 + 2HF->H2SiF 6 

[0033] Symbols e* and e" represent holes and electrons, respectively. Each of n and X represents the number of 
holes, in the relevant equation, necessary for dissolving one Si atom. Porous Si is formed on condition that n > 2 or X > 

40 4. 

[0034] From this fact, it can be said that P-type Si in which holes exist can easily be made porous. 
[0035] On the other hand, it has been reported that high-density N-type Si can be made porous. Thus, a Si sub- 
strate member can be made porous irrespective of being P- or N-type. 

[0036] Also, the density of the porous layer is a half or less of the original density, since many gaps are formed in 
45 the porous layer. Therefore the surface area is greatly increased relative to the volume. The chemical etching speed is 
thereby increased remarkably in comparison with the etching speed of the ordinary monocrystaJ layer. 
[0037] Conditions for making monocrystal Si porous by anodization are shown below. A starting material of porous 
Si formed by anodization is not limited to monocrystal Si, and Si in other crystalline structures can be used. 

so Applied voltage: 2 (V) 

Current density: 30 (mA • cm* 2 ) 

anodization solution: HF : HgO : CgHjOH « 1 : 1 : 1 

Tone: 2.4 (hours) 

Thickness of porous Si: 300 dun) 
55 Porosity: 56% 

[0038] Si is grown by epitaxial growth on porous Si formed in this manner, thereby forming a monocrystal Si thin 
film. The thickness of the monocrystaJ Si thin film is, preferably, 50 pm or less, more preferably, 20 |im or less. 
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[0039] Asurfa<*ofmerrxxTOCTystd^ 

substrate is prepared and is attached to the oxide film in the monocrystaJ Si surface. Alternatively, a surface of monoc- 
rystai Si substrate member newly prepared is oxidized and is attached to the monocrystaJ Si layer on the porous Si sub- 
state n^nnber. The reason for the provision of such m 

5 Si layer is because an interlace level generated from a base interface of a Si active layer with an oxide film can be 
smaDer than, tor example, an interface level from a base interface with a glass provided as a substrate member. It is 
possible to greatly improve characteristics of an electronic device by forming such an oxide film interface. Further, only 
a monocrystal Si thin fflm prepared by removing a porous Si substrate member by a selective etching process 
described later rr»y be attached to a new substrate 

to to prevent separation between them by the van der Waats force, if their surfaces are washed and thereafter brought into 
contact with each other at room temperature. However, the substrate members in this state are processed by a heat 
treatment in a nitrogen atmosphere at a temperature in the range of 200 to 900*C, preferably, 600 to 900 # C. 
[0040] An S13N4 layer is formed as an etching prevention fflm by deposition over the entire surface of the two 
attached substrate members. Only the portion of the S^N, layer on the surface of the porous Si substrate member is 

f5 then removed. Apiezon wax may be used instead of Sigf^. Thereafter, the porous Si substrate member is entirely 
removed by etching or other means. A semiconductor substrate having a thin monocrystal Si layer can be obtained in 
this manner. 

[0041] A selectoeetchng method for et^^ 
will be descrfoed below. 

so [0042] As an etching liquid having no etching effect with respect to crystalline Si but capable of selectively etching 
only porous Si, H is preferable to use hydrofluoric acid, buffered hydrofluoric acid if ammonium fluoride (NH4F), Hydro- 
gen fluoride (HF) or the likB, a Bquid of a mixture of rrydrof fooric acid or buffered hydrofluoric acid and hydrogen peroxide 
solution, a liquid of a mixture of hydrofluoric acid or buffered hydrofluoric acid and alcohol, or a liquid of a mixture of 
hydrofluonc acid or buffered hydrofluoric acid, hydrogen peroxide solution and alcohol. The substrate members 

25 attached to Mcn <M* ""demo etching by being wetted with such an etching liquid. The etching speed depends upon 
the concentration of hydrofluoric acid, buffered hydrofluoric add and hydrogen peroxide in the solution and upon the 
temperature. By the addition of the hydrogen peroxide solution, the oxidation of Si is promoted and the reaction speed 
is increased in comparison with an etching liquid to which no hydrogen peroxide solution is added. Further, the reaction 
speed can be controlled by changing the propel of the rr/drogen peroxkte bub- 

90 bles of a reaction product gas can be instantry rerrxved from the e^ 

can be etched unrformry and efficiently. ^ 
l0 ™} te oc ™? HF <^centration in buffered hydrofluoric acid is set in the range of. preferably, 1 to 95 %. more prefer- 
ably, 1 to 85%, and further preferably, 1 to 70 % by wefyit of the etching fiquid. 
[0044] The N^FcorKentration in buffered hydrofluoric add fe set in the rarxje of. pre^ 

!5 eraWy,5to90%.andfortherprefera^ 

[0045] The HF cxjricentration is set in the rangeof, preferably, 1 to 95 %, rrxxe preferably ^ 
preferably, 5 to 80 % by weight of the etching Squid. 

[0046] The H2O2 concentration is set in the range of, preferably, 1 to 95 %, more preferably, 5 to 90 %, and further 
preferably, 1 0 to 80 % by weight d me etching TquW, and fa 
0 gen peroxide solution can be attained. 

[0047] The alcohol cc^cerrtration is set in the rangeof, preferably, 80 % or less, niore preferably, 60 % or less, and 
further preferably, 40 % or less by weight of the etching liquid, and is set in a range such that the abov^desenbed effect 
of alcohol can be attained. 

[0048] The temperature is set in the range of. preferably, 0 to 1 00°C, more preferably, 5 to 80*C. and further prefer- 
5 ably, 5 to 60*C. 

[0O49] The alcohol used may comprises ethyl alcohol, isopropyt alcohol and the ike, i.e., alcohols which entail no 

considerable problem m the manufacturing process in practice arxl which ensure the abw 

effect. 

[0050] tn the semiconductor substrate obtained in this manner, a thin larg^area layer of monocrystaJ Si equivalent 
0 to the ordinary Si wafer is formed f fat and uniformly to cover the entire area on the substr^ 

[0051] A monocrystal Si thinfflm, such as the one described in c^l tn ti>e sc^k^cii of European Patent 
Open Publication No 469630, can be specifically used as the above^rt^ rrKxxx^ystaJ SJ thin f im. 
[0052] In this example, a SrOz fflm having a thickness of 1 urn (10,000 A) was formed on a monocrystal Si sub- 
strata, and was attached to a monocrystal SI thin flm to form a base insulation layer. A CMOS Inverter such as that 
r shown in Rg. 1 was manufactured by using this base insulation layer. The method of setting the above-mentioned f im 
thickness win be described below. 

[0053] Rg. 3 shows film thickness (TBQxJ-threshold value OW characteristics of a parasitic NMOS transistor with 
Qss (fixed positive charge on the base insulation layer) (cm*) used as a parameter. The density in the channel region 
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wassettolxlO 16 cm" 3 . 

[0054] Rg. 4 shows flm thickness-threshold value (V^ characteristics of a parasitic PMOS transistor with Q$s 
used as a parameter. The density in the channel region was set to 5 x 1 0 1 5 cm* 3 . 

[0055] Fig. 5 shows a relationship between the film thickness and the threshold value difference - V^p 
5 between the two transistors on the bass of the data shown in Bo*. 3 and 4 with respect to the channel densities of 1 x 
lO^cm^andSxIO^cm" 3 . 

[0056] As described above, for the existence of a value of with which the parasitic NMOS and PMOS transis- 
tors cannot operate, at least V D0 - < -V trt3p must be satisfied. The graph of Fig. 5 is formed by using, as a 
parameter, allowable values of currents flowing in gate vortage ranges below the threshold values. In Fig. 1 , the reJa- 
io tionship between - and Tbqx is shown with respect to a current of 1 pm flowing when V^sVj^, V^, 
a current down by a facta of 10 2 therefrom (allowable current - 10 pA), a current down by a factor of 10* (allowable 
current « 10 nA), and a current down by a factor of 10 6 (allowable current - 100 p A). There is no influence of Qss upon 
the relationship shown in this graph. 

[0057] In this example, a base insulation layer thickness Tbox = 1 (10,000 A) was determined from Fig. 5 under 
is conditions: v oo " v ss ■ 14 V , an allowable current of 100 pA, and a margin of 5 V between the thre^ value differ- 
ence and Vqd - Vss. 

[0058] Fig. 2 shows an input-output characteristic of this CMOS inverter. Input-output values closer to an ideal char- 
acteristic were exhibited with respect to Vqo - 8 V, Vss - - 6 V, and v badc *3 V. This CMOS inverter can be used in a 
driving circuit having a high power supply voltage. 14 V. 

20 

lamp's 2 

[0059] A semiconductor device was manufactured in the same manner as Example 1 except that a base insulation 
layer was formed so as to have a three-layer structure formed of 800 nm (8,000 A) thick layer of SO2, a 50 nm (500 A) 
25 thick layer of SiN, and a 1 00 nm ( 1 ,000 A) thick layer of SiOj- The thickness of this three-layer f Dm corresponds to about 
925 nm (9,250 A} in terms of the thickness of the SiOg single layer structure as determined by conversion with respect 
to the dielectric constant In this ernbodiment SiN was deposited by a tow pressure CVD method. Alternatively, SiN may 
be formed by being nrtrized by rapid thermal annealing at 1 ,000*C after SiOg deposition. 

[0060] In a case where there is a need to partially remove the Si substrate by etching on the back side thereof, for 
50 example, for the purpose of forming a transparent portion such as that of a display portion of a liquid crystal display, 
etching can easily be stopped since the SiN layer acts as a suitable stopper, and cutting-out can be performed by uni- 
form back-side etching. 

[0061] The operation at V D0 - - 14 V was substantially possible, although the threshold values of the para- 
sitic MOS transistors were slightly reduced in comparison with Example 1 . 

35 

Example 3 (1st Ernbodiment) 

[0062] Conventionally, a SiMOX substrate is manufactured by a method of injecting, ordinarily, 3 to 5 separated 
shots of an amount of oxygen tons of 4 x 10 17 to 2.4 x 10 18 cm" 2 with acceleration energy of 150 to 300 keV, and there- 

40 after performing a heat treatment at 1,100 to 1,250°C for 2 to 20 hours. 

[0063] In this ernbodiment, oxygen tons were injected by double-charging using a charge twice as large as the ordi- 
nary charge, while an average ton injection range (ton injection depth) Rp « 800 nm (8,000 A) and a dispersion of ion 
injection range A Rp = 400 nm (4,000 A) were set SrO* film having a thickness of 1 \im ( 1 0,000 A) was thereby formed. 
A CMOS inverter similar to that in accordance with Example 1 was manufactured by using this SMGX substrata The 

45 CMOS inverter obtained had no leak and had an improved characteristic. 

Example 4 (2nd Embodiment) 

[0064] A SiMOX substrate was manufactured by changing energy for oxygen ion injection by three steps as shown 
60 in Fig. 6(a). That is. oxygen ions were injected under conditions: The plant energy of 150, 250, 400 kaV, and ton injec- 
tion dose =5x 10 17 , 2 x 10 18 , 4x 10 18 cnV 2 , followed by a heat treatment at 1,200 *C for 36 hours. With an oxygen 
profile such as that shown in Rg. 6(b), SOI (siicon on insulator) on SiOg fim having a thickness of about 1 .3 pm was 
realized. A 20 V driving circuit can be made by forming a CMOS inverter on this SMOX substrate. 

65 Examples 

[0065] The active matrix substrate of an active matrix type of liquid crystal display was manufactured by forming a 
polycrystalline or amorphous Si layer on a transparent substrate and by processing a necessary portion thereof by laser 
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annealing so that the processed portion 6 changed into a monoorystal. Rg. 7(a) is a plan view of this display. A dfepiay 
portion 72 is formed at the cemer of me substa^ 

active matrix and a circuit for driving the matrix are provided on a device region 74 formed in an amorphous retfon 73 
A laser light source used for laser annealing is of a high output {5 to 1.000 mW) type using a helium neon lamp as a 
light source. In the display in accordance with this example, only the drive circuit is required to have a high-speed 
switching operation. Therefore, only the drive circuit portion is scanned with the laser light source, as Uustrated. The 
scanned portion is changed into a morioaystaJ region where tto 

rystal Si, thereby enabling high-speed driving. The manufacturing cost is increased by the laser anneafog process. 
However, the increase in the manufacturing cost is fan/ted by setting a necessary minimum processed region as 
described abova ft is thereby possible to manufacture a high-integration high-resolution liquid crystal display havra 
two hundred thousand or more pixels* 

Example 6 (3rd Embodiment) 

[0066] Rg. 8 shows an example of an active matrix substrate of an active matrix liquid crystal display device pro- 
duced in accordance with the present invention. In this embodiment, a drive circuit portion 71 is formed on a Wck SO* 
film 83 (having a thickness of 1 jim (1 0, 000 A) tor example), enabling driving ofVDo'Vsg-MV.A dtepiay portion 
72 m which transistors serving as switching devices for applying voftages to y 

of a matrix is formed on a thin SiQg film 82. A monocrystal Si substrate 81 at the back side of the display portion 72 is 
partially removed by wet etching, and a space thereby formed is filled with back packing (silicone rubber) 84 for rem- 
forcement. This packing is almost transparent and allows back light from under p pass in order to efficiently Suminate 
the dteptay portion. 

[0067] Only PMOS transistors are used as switching devices in the display portion. The back packing 84 has an 
insulating property. Therefore, even if there are movable Ions (ordinarfly, positive tons) In the back packing, the parasrbc 
PMOS transistor does not operate by this charge. 

[0068] Thus, an unnecessary increase in the SKfc film is limited to reduce stresses remaining in the SiOb fim and 
the device region after cutting-out of the monocrystal sicon substrate, ft is there^ 
liquid crystal cells on the outer device region and to improve image qualities. 

[0069] As described above, in the semiconductor device produced in accordance with the present invention a leak 
current, relating to the problem of the conventional SIMOX art. can be prevented by controlling the film thickness of the 
implant formed insulation layer. The semiconductor device can perform high speed driving with a high power supply 
voltage. The liquid crystal display device produced according to the present invention can be designed tor high-resolu- 
tion high-image-qualrty image display. 

35 Claims 

1. Arnethodofproduangatrtn^ilm 

a monocrystafline silicon bulk semiconductor substrate (1); 
40 an insulation layer (2) on said semiconductor substrate; 

a thin-film Si layer (4 to 7,10,11, 12, 12 ,13,1 3*) on said insulation layer; 

a thin-film NMOS transistor (16) having a source (4.12) and a drain (5,15) in a first isolated monocrystal region 
(4,5.10.12.12') of said thin-fflm SI layer, a source electrode (14). a drain electrode (15). and an insulated gate 
electrode (9); *^ 

45 a WnJfllm PM0S transistor (17) having a source (7.130 and a drain (6.13) in a second isolated monocrystal 

region (6.7.1 1,13. 13) of said thirvfiim Si layer, a source electrode (14-), adrain electrode (15) and an insulated 
gate electrode (9*); 

^MidPMOS^ e,6Ctrode COnnectBd tosakj 0 ate electrode of said NMOS transistor and to said gate electrode 

a common output electrode connected to said drain electrode of said NMOS transistor and to said drain elec- 
trode of said PMOS transistor; 

a low-voltage power supply, connected to said source electrode of said NMOS transistor, to supply a first volt- 
age. Vss volts, thereto; and 

a Ngtvvoftage power supply connected to said source electrode of said PMOS transistor to supply a second 
voltage. V DD volts, thereto; wherein ^ Y 
the thickness T^ of said insulation (2) satisfies a relationship expressed by the following expression: 

Tbqx>{V D0 -V 8S -K 2 )/K 1 



so 



60 
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where 

-1 

Ki 5 e»ox (Qm + Qm)^ 

£ 

K 2 -2* FN + 2tp P - 1.03 Volts, tsox is a dielectric constant of said base insulation layer (2), and Qb P 
are bulk charges when the widths of depletion layers of said NMOS and PMOS transistors (18,17) are maxi- 
mized and are expressed in units of Coukxnbs/crn 2 . and fa and + FP are pseudo Fermi potentiate of said 

70 NMOS and PMOS transistors (16, 1 7) expressed in vote, whereby parasitic MOS transistors, having said sem- 

iconductor substrate (1) as a common gate electrode, said insulation layer (2) as gate insulation, said source 
(4) and said drain (5) of said NMOS transistor (16) and said source (7) and said drain (6) of said PMOS tran- 
sistor (1 7), inherent in said circuit are inoperable; 
which method is performed by: 

is providing a rncnocrystaliine silicon bulk semiconductor wafer; 

implanting oxygen ions in said bulk semiconductor wafer by irradiating the surface thereof with double charged 
oxygen ions and performing an anneal heat treatment thereby forming the insulation layer (2) of SiOfc which 
separates a surface layer of said wafer, which is to provide at least a lower part of the thin fim Si layer (4- 
7,10.1 1.12,12M3,13') from a remainder portion of said wafer, namely the mcf>oorystairine silicon bufr semi- 

20 conductor substrate (1), the thickness of said insulation layer (2) thus formed being about 1 Jim ; producing the 

thin-film NMOS transistor (16) and the thin-film PMOS transistor (17) in and upon respective fret and second 
isolated rranocrystal regions (4,5,10,12,12' and 6,7,11 ,13,13*) of said thin fim Si layer,; 
connecting the respective gates (9,9*) to a common input electrode, and connecting the respective drains 
(15,15*) to a common output electrode ; and providing the low-voltage power supply and the high-voltage 

25 power supply and connecting them to the respective sources of said NMOS and PMOS transistors, 

2. A method of producing a thin-film CMOS inverter circuit comprising: 

a monocrystalline silicon bulk semiconductor substrate (1); 
30 an insulation layer (2) on said semiconductor substrate; 

a thin-film Si layer (4 to 7,10,1 1,12, 12*. 13,13') on said insulation layer; 

a thin-film NMOS transistor (16) having a source (4,12) and a drain (5,15) in a first isolated monocrystal region 
(4,5,10,12.12') of said thin-film Si layer, a source electrode (14), a drain electrode (15), and an insulated gate 
electrode (9); 

35 a thin-film PMOS transistor (17) having a source (7,13*) and a drain (6,13) in a second isolated monocrystal 

region (6,7,1 1 ,13,13*) of said thin-film Si layer, a source electrode (14*), a drain electrode (15*) and an insulated 
gate electrode (9*); 

a common input electrode connected to said gate electrode of said NMOS transistor and to said gate electrode 
of said PMOS transistor; 

40 a common output electrode connected to said drain electrode of said NMOS transistor and to said drain elec- 

trode of said PMOS transistor; 

a low-voltage power supply, connected to said source electrode of said NMOS transistor, to supply a first volt- 
age, Vss volts, thereto; and 

a high- voltage power supply connected to said source electrode of said PMOS transistor to supply a second 
45 voltage, V DD volts, thereto; wherein 

the thickness Tbox of said insulation (2) satisfies a relationship expressed by the following expression: 

Tbqx^^dd-Vss-^VK, 

so where 

-1 

Ki 5 *»ox (Qm + Q»r)' 

55 

K 2 ■ 2 * fn + 2 $ fp * 103 Vote- £ eox is a dielectric constant of said base insulation layer (2), and Qgp 
are bulk charges when the widths of depletion layers of said NMOS and PMOS transistors (16,17) are maxi- 
mized and are expressed in units of Coulombs/cm 2 , and 4^ and $ FP are pseudo Fermi potentials of said 
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NMOS and PMOS transistors (16. 1 7) expressed in vote, whereby parasitic MOS transistors, having said «en> 
■conductor substrate (i) as a common gate electrode, said insulation layer (2) as gate insulation said source 
(4) and said dram (5) of said NMOS transistor (1 6) and said source (7) and said drain (6) of said' PMOS tran- 
sistor (1 7). inherent in said circuit, are inoperable; 
which method is performed by : 

providing a monocrystaHine silicon bufc semiconductor wafer ; 

implanting oxygen ions in said bulk semiconductor wafer by irrad^ me surface thereof with oxygen tore tor 
three exposures performed at three different implant energies, and annealing by heat treatment thereby torm- 
rng the insulation layer (2) of SiC^ which separates a surface layer of said wafer, which is to provide at leKt a 
tower part of the thin fBm Si layer (4-7.10.1 1.12,12',13.139 from a remainder portion of said wafer, namely me 
monocrystalline silicon bulk semiconductor substrate (1). the thickness of said insulation layer (2) thus farmed 
being about 1 .3pm; producing the thin-f im NMOS transistor (16) and the thtrvfikn PMOS transistor (17) to aid 
upwrespective fret and second isolated monocrystal regionsO.S.IO.U.W and 6.7.1 1.13.130 ofaakJtoinfim 

Connecang1he respective ° a,es < 9 - 9 ! 10 8 commwl irput electrode, a connecting the respective drains (15. 15 1 ) 
to a common output electrode ; and providing the low-voltage (xjwbt supply wto toe r^voftaoeoows^ 
and connecting them to the respective sources of said NMOS and PMOS transistors. 

3. Amethodofprodixingttwa^matro 

dwearcurt portion (71) and w active matra ol^ 

producing a thirWilm CMOS inverter circuit according to either of claims 1 of 2. said thin film NMOS and PMOS 
transistors of said thin film CMOS inverter circuit being located at the periphery of the SOI substrate formed of said 
rnonocrystalline silicon bulk semiconductor substrate, insulation layer and thin fim Si layer, and provided as part of 
a peripheral drive drcurt pcxtton (71) of the acbve rralra substrate of toe BquW 
^eludes steps of : 

producing the active matrix display portion in and upon satf thin-fim Si layer, which portion has PMOS pixel 
switches ; removing the portion of the rrionocrystal SI bulk substrate disposal between said active matrix ds- 
play portion (72) of said thin-film Si layer (5) and the back surface of said rnonocrystal Si bulk substrate thin- 
ning the portion of the insulation layer (83-82) exposed by removal of said portion of the rronocrystt SI bulk 
substrate, and in-filling the void formed by said removal and said trtnnmg with a substantially transparent back 
packing material (84) for reinforcement X ^ 

PatentansprOche 

1 . Verfahren zur Herstellung einer DOnnfairvCMOS-lnverterschaltung mft 

einem massiven eirtkristalfinen Sifitiumriaibleitersubslrat (1); 
einer Isolationsschicht (2) auf dem erwahnten HaMertersubstrat; 

einer DOnrtfimi-Si-Schicht (4 bis 7, 10, 1 1, 12, 12\ 13, 13) auf der erwahnten Isolationsschicht- 
^^! tf l m ^^ Tfans ^ (16) " der * n * ***** < 4 > 12 ) einen Drain (5. 1Z) in einem ersten isoJier. 
ten Einknstalbereich (4. 5, 10, 12, 12*) der erwahnten DOnnfttm-Si-ScTttcht. eine Sourceelektrode (14) eine 
Drainelektrode (15) und eine isofierte Gateeiektrode (9) hat; 

einem DQnnfim-PMOS-Transistor (17). der eine Source (7. 13") und einen Drain (6. 13) in einem zwetten isc- 
lierten Bnkristalibereich (6, 7, 1 1, 13,13}dererw8rintenDunnfil^^ eine 
Drainelektrode (150 und eine isofierte Qateelektrode (91 hat; 

einer gemeinsamen Eingangselektrode. die mil der erwahnten Qateelektrode des erwahnten NMOS-Transi- 

store und mit der erwahnten Gateelektrode des erwahnten PMOS-Transistors verbunden ist 

oner gemeinsamen Ausgangselektrode. die mit der erwahnten Drainelektrode des erwahnten NMOS-Transl- 

store und mit der erwahnten Drainelektrode des erwahnten PMOS-Transi store verbunden ist; 

einem Stromversorgungsgerat fflr niedrige Spannung, das mit der erwahnten Sourceelektrode des erwahnten 

NMOS-Transistore verbunden ist urn diese mit einer ersten Spannung (V^ Volt) zu versorgen und 

wem Strc^nversorgungsgerat fur hohe Spannung, das mit der erwahnten Sourceelektrode des erwahnten 

PMOS-Transistors verbunden ist urn diese mit einer zwerten Spannung (Voo Vbit) zu versorgen- wobet 

die Dicke Tbqx der erwahnten Isolation (2) eine Beziehung erfOIlt, die ourch den foigenden Ausdruck ausoe- 

drQckt wind: 

T Bax>(V D D-V 8 8-K 2 yK 1 . 
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worn 

K l " e BOX ObN + «BP) * 

K 2 - 2+ + 2« pp - 1 ,03 Vort cbox die DieJektrtrrtfitstonstanle der erwfthnten BasisisotatkraachicW (2) 1st 
Qbn und Q B p Vbiumentadungen in dem Fafl and. dass die Brerten der Verarmungsschichten dee erwflhnten 
NMOS- und PMOS-Transstofs (16. 17) maxvriert and, und in Bnhetten von CouJomb/cm 2 ausoedrOcW war- 
den, und ^fn und Pseudc-Ferrri-PotentiaJe des erwfthnten NMOS- und PMOS-Transistom (16, 1 7) sind, 
die in Volt ausgedruckt warden, wodurch der erwflhnten Schahung etgene parasrtfire MOS-Trmestoren, die 
das erwflhnte HaJblertersubstrat (1) ate gemeinsame Gateelektrode, die erwfthnte Isolationsschicht (2) ate 
Gaieisolatioa die erwfihnte Source (4) und den erwfthnten Drain (5) des erwfthnten NMOS-lhmttors (16) 
und die erwfihnte Source (7) und den erwfthnten Drain (6) des erwfthnten PMOS- Transistors (17) haben, 
unwirksam sind; 

wobei dieses Vertahren dadurch durchgefOhrt wild, dass 

ein massiver einkristaiiiner Silidurnhalbieiterwater berertgesteltt wind; 

in den erwfthnten massrven SiHcturnhaWeiterwafer Sauerstoftlonen impiantiert warden, indem seine Oberf Ift- 
che nit doppert aufgeiadenen Sauerstoffionen bestrahrt und eine Aush«lungswarrr>ebehandUjng durchgefuhrt 
wird, wodurch die aus SiC^ bestehende IsoJabonsschicht (2) gebitfet wird, die eine OberflfichenscNcht des 
erwfthnten Wafers, die mindestens einen unteren Tea der DQnrrf itm^-Schicht (4 bis 7, 10, 1 1, 12, 12*. 13. 13*) 
bereitzusteilen hat, von ein em restfichen Tea des erwfthnten Wafers, nftmiich von dem massrven einkristaffinen 
SflidurnhaJblertersubstrat (1). trennt. wobei die Dicke der erwfthnten auf diese Wetse gebildetsn Isolations- 
schioht (2) etwa 1 pm betrftgt; 

der DQnnfflm-NMOS-Transjstof (16) und der DQrmllrn-PMOS-Trartsistor (17) in und auf dem erst en bzw. dem 
zweiten isofierten Einkristaibereich (4, 5. 10, 12, 12* und 6. 7, 1 1, 13. 131 der erwfthnten DOrvtfilrn-Si-Schichl 
hergesteMwerden; 

die jeweiygen Gateelektroden (9, 9) mrt einer gemeinsamen Eingangselektrode verbunden warden und die 
jeweiiigen Drainelektroden (15, 15*) mrt einer gemeinsamen AusgangseJektrode verbunden warden und 
das Stromversorg uncsg erat fur niedrige Spannung und das Strornversagungsgerfit fur hone Spannung 
berertgestelri und mrt der SourceeJektrode des erwfthnten NMOS- bzw. des erwfthnten PMOS-Tranststors ver- 
bunden werdea 

Vertahren zur Herstellung einer DOnnf ilnvCMOS-lnverterschaltung mrt 

einem massiven einkhstaliinen Silidurnhalblertersubstrat (1); 
einer Isolationsschicht (2) auf dem erwfthnten HaWertersubstrat; 

einer Dunrftlm^-Scrucht (4 bis 7, 10. 11. 12, 12\ 13. 13*) auf der erwflhnten Isolationsschicht; 
einem DunnfHrrvNMOS-Trartstetor (16). der eine Source (4, 12) und einen Drain (5. 12*) in einem ersten isofier- 
ten Enkristaltoereich (4. 5. 10, 12. 12) der erwfthnten -DOnnfiirn-Si-Schicht eine SourceeJektrode (14), eine 
Draineiektrode (15) und eine isolierte Qateelektrode (9) hat; 

einem Dunnfam-PMOS-Transistor (17), der eine Source (7, 13*) und einen Drain (6. 13) in einem zweiten iso- 
fierten EinkristaJtbereich (6. 7. 11, 13. 13) der erwfthnten DQnrrf Bm-Si-Schicht, eine SourceeJektrode (14), sine 
Draineiektrode (15) und eine isolierte Gateeiektrode (9) hat 

einer gerneinsamen Eingangselektrode, die mrt der erwfthnten Qateelektrode des erwfthnten NMOS-Transi- 
stors und mit der erwfthnten Gateeiektrode des erwfthnten PMOS-Transi store verbunden ist; 
einer gemeinsamen Ausgangselektrode, die mrt der erwfthnten Draineiektrode des erwfthnten NMOS-Transi- 
stors und mrt der erwfthnten Draineiektrode des erwfthnten P MO S- Transistors verbunden ist; 
einem Stromversorgungsgerfit for niedrige Spannung, das mit der erwfthnten Source eiektrode des erwflhnten 
NMOS-Transistors verbunden ist urn diese mit einer ersten Spannung (Vss Volt) zu versorgen; und 
einem stromversorgungsgerftt fur hone Spannung, das mit der erwfthnten SourceeJektrode dee erwfthnten 
PMOS-Transtetors verbunden ist um diese mit einer zweiten Spannung (Vqq volt) zu versorgen; wobei 
die Dicke Tsax der erwflhnten Isolation (2) eine Beziehung erf OIK, die durch den folgenden Ausdruck ausge- 
druckt wird:. . 

Tbox>(Vdo-V 8S -K 2 VK 1 . 

worin 
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K l E C BOX ^BM + Q BP ) , 

* 2 - 2* fn + 2* fp - 1 .03 Vbft, ebo X cf e Dieiektrizit&lsKDnstante der erwflhnten BassisdattonsscrricW (2) ist, 
Qajji und Qbp Vblumenladungen in dem Fall snd dass die Brerten der Verarmungsschichten des erwahnten 
NMOS- und PMOS-Transistors (16. 17) maximiert and. und in Einhetten von Coutornbfcm 2 ausgedrOckt war- 
den, und und fa PseudoFernvPotentiaJe dee erwahnten NMOS- und PMOS-Traneietors (16. 17) and 
die in Vott ausgedrOckt warden, wodurch der erwahnten SchaHung^eigene pamsrtare MOS-Transistoren, die 
das erwahnte HalbJertersubstrat (1) ale gemeinsame Gateeiektrode, die erwahnte Isdalwnsschicht (2) ate 
Gatasolation, die erwahnte Source (4) und den erwahnten Drain (5) des erwahnten NMOS-Transistors (16) 
und die erwahnte Source (7) und den erwahnten Drain (6) des erwahnten PMOS-Transietors (17) haben. 
unwirksam «nd; 

wobei dieses Vertahren dadurch durchgefOhrt wird, oass 

ein massiver einkristaliiner S3idunihableiterwafer bereitgesteftt wid; 

in den erwahnten rnassiven SiiidumhaWefterwafer Sauerstoffbnen irrptentiert werden. indem seine Oberfla- 
che oner dramaigen Bestrahiung rrit Sauerstoffionen ausgesetzt wird, d.e mrt drei verschiedenen Inpianteti- 
onsenergien durchgefOhrt wird. und etne Ausheflung durch Warmebehancflung durchgefOhrt wird. wodurch die 
aus S0 2 bestehende tedationsschicht (2) gebiidet wird, die etne Obedlachenschicht des erwahnten Wafers, 
die mndestene emen urrteren Tei der Dunnfflm^-Schicht (4 bis 7, 10. 1 1 , 12, 12\ 13. 13} berertzustellen hat 
von emem rectifchen Tefl des erwahnten Wafers, namtich von dem rnassiven einfcristallinen SlfidumhaUeiter- 
sutetrat (1). trennt wobei die Dicke der erwahnten auf cfiese W«se gebiideten tsc^tionsschicht (2) etwa 1 3 
iwnbetragt; 

der DOnnflr^NIMOS-Transistor (16) und der DOnrrfBrn-PMOS-Transistor (17) in und auf dem ersten bzw. dam 
^.tenisofierten Einkrfetafbereich (4, 5. 10. 12. 12* und 6. 7, 11. 13. 13*) der erwahnten DOnrfflm-Si^icht 
nergesteln werden; 

die jeweiligen GeteeleMroden (9. 9) mrt einer gemeinsamen Eingangseletoode verbunden werden und die 
lewedigen Orainelektroden (15, iff) mil einer gemeinsamen Ausgangeelektrode verbunden werden und 
das Stromvetsorgungegerat for niedrige Spannung und das Stromversorgungsgerat for hone Spannuno 
berertgestellt und mit der SourceeleKlrode des erwahnten NMOS- taw. des erwahnten PMOS-Transistors ver- 
burden werden. 

3. Vertahren zur Herstellung des Akfivmatrixsubstrats (81 bis 85) eines RussigkristaJlarueigegerais. das einen peri- 
pheren^euerschalturKj^eich (71) und einen Aktivmatrixanzeigeberei* (72) hat. wobei dieses Vertahren die 
pucMChaing des Verfahrens nach Anspruch 1 oder 2 zur Herstellung einer Dur^nvCMOS-lnverterschattuna 
e^eBt, wobei der erwahnte DOnnfinvNMOS-Transistor und der erwflhnte DOnntam-PMOS-Trensis^ der 
erwahnten DOrrtOnvCMOS-lnverterwhattung an der Peripherie des SOI-Subetrats. das aus dem erwahr- tbs. 
sven «nknsteninen SilirfumhaUeitersubstrat, der emahnten tsolationsschicht und der erwahnten DunwnvSi- 
Sd^etaldet wrd.^eordnet und ate Teil eines peripheren Ansteuerschaltungsbereichs (71) des AWvmattx- 
substrats des nosagknstallanxeigegerats bereitgestettt werden. und euch die folgenden Schrrtte einschHeSt 

Herstellung des AMivmatrixanzeigebereichs in und auf der erwahnten DOnnfJm-Si-Sehicht wobei dieser 
Bereich PMOS-Biidelementsehetter hat; 

Errternung des zwischen dem erwahnten AMivmatrixanzeigebereich (72) der erwahnten DOrrfim-S-Schicht 
(85) und der RQcteeite des erwahnten rnassiven einKristallinen Si-Substrats angeordneten Bereichs des rnas- 
siven emknstalinen Si-Substrats; 

VerdOnnung des durch Entfemung des erwahnten Bereichs des rnassiven ehkristalinen Si-Substrats fretae- 
legten Bereichs der tsolationsschicht (83) und ^ 
AuffQIIung des durch die erwahnte Entfernung und die erwahnte VerdOnnung gebiideten HoNraums mH ( 
■n wesentlichen bcmdurchiassigen AuffODungsmaterial (84) zur Verstarkung. 

Revendications 

1. Proc6d« de fabrication dun droit inverseur CMOS a couche rrtnee, comprenant : 

un Gubetret serrtoonducteur massif (1) en sificium monocristaJin; 
une couche discretion (2) sur le substrat senweonducteur; 
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une couche mince de Si (4 a 7, 10, 11, 12, 12'. 13, 130 *ur la couche dlsdation; 

un transistor NMOS a couche mince (16) ayant une source (4, 12) et un drain (5, 15) dans une premiere region 
de monocristal isoiee (4, 5. 10. 12. 12*) de la couche mince de Si, une electrode de source (14), une electrode 
de drain (15) et une electrode de grille isoiee (9); 

un transistor PMOS a couche mince (1 7) ayant une source (7, 13} et un drain (6, 1 3) dans une 6econde region 
de monoCTistal isoiee (6, 7, 1 1, 13, 13*) de la couche mince de Si, une electrode de source (14), une electrode 
de drain (15) et une electrode de grille isoiee (9); 

une electrode d'entree commune connect ee a Telectrode de grile du transistor NMOS et a Telectrode de grifle 
du transistor PMOS; 

une electrode de sortie commune connectee a reJectrode de drain du transistor NMOS et a i'etectrode de drain 
du transistor PMOS; 

une alimentation de faibie tension, connectee a r electrode de source du transistor NMOS, pour lui appiiquer 
une premiere tension, de V$s volts; et 

une alimentation de tension elevee connectee a reJectrode de source du transistor PMOS pour lui appiiquer 
une seconde tension, de V 00 volts; dans iequeJ 

Tepaisseur Tqqx de [Isolation (2) verif ie une relation axprimee par I 'expression : 

T BOK>( V OD* V 8a- K 2) /K 1 

dans laquelle 

K l = £ box (Qbn + Qbp) * 

K 2 - 2$ m + 2$ fP - 1,03 vote, Egox est une constante delectrique de la couche dlsolation de base (2), 
et Q B p sont des charges de substrat iorsque les largeurs des couches de desertion des transistors NMOS et 
PMOS (16, 17) sont maximisees. et s'expriment en coulombs/cm 2 , et foj et $ FP sort des pseudo-potentiels 
de Fermi des transistors NMOS et PMOS (16, 17), exprimes en volts, grace a quoi des transistors MOS para* 
sites, ayant le substrat semiconducteur (1) en tant qu'electrodede grflte commune, la couche d Isolation (2) en 
tant qulsotaton de grifle, la source (4) et le drain (5) du transistor NMOS (16) et la source (7) et le drain (6) du 
transistor PMOS (17), qui sont inherents dans le circuit ne peuvent pas tonctiortner; 
ce precede etant accompli par les operations suivantes : 
on fournit une tranche de semiconducteur massif en stficium rnonocristallin; 

on implante des ions cfoxygene dans ladite tranche de semiconducteur massif, par irradiation de la surface de 
ceile-d avec des ions cfoxygene doublement charges, et on effectue un traitement thermique de recurt pour 
former ainsi la couche d'isoiation (2) en Si02 qui separe une couche de surface de ladite tranche, qui doit cons- 
tituer au moins une parte inferieure de la couche mincede Si (4-7, 10. 11. 12. 12*. 13. 13), cfune parte res- 
tante de la tranche, e'est-a-dire le substrat semiconducteur massif (1) en silicium rnonocristallin. t epaisseur de 
la couche d Isolation (2) ainsi formee etant d'environ 1 jim; 

on produit I e transistor NMOS a couche mince (16) etle transistor PMOS a couche mince (17) dans et sur des 
premiere et seconde regions de monocristal isolees respectives (4, 5, 10. 12, 12' et 6. 7, 1 1 , 13, 13) de la cou- 
che mincede Si; 

on connects les grilles respectives (9. 9) a une electrode cf entree commune, et on connects les drains respec- 
trfs (15, 15) a une electrode de sortie commune; et 

on fournit r alimentation de fable tension et I'aJimentation de tension elevee et on les connecte aux sources res- 
pectives des transistors NMOS et PMOS. 

Precede de fabrication (fun circuit inverseur CMOS a couche mince, comprenant : 

un substrat semiconducteur massif (1) en silicium monocristafiin; 

une couche dlsolaticn (2) sur le substrat semiconducteur; 

une couche mince de Si (4 a 7, 10. 11, 12. 12', 13, 13) sur la couche cf isolation; 

un transistor NMOS a couche mince (16) ayant une source (4 f 12) et un drain (5, 15) dans une premiere region 

de rnonocristal isoiee (4, 5. 10. 12. 12) de la couche mince de Si. une electrode de source (14), une electrode 

de drain (15) et une electrode de grille isoiee (9); 

un transistor PMOS a couche mince (1 7) ayant une source (7. 13) et un drain (6, 13) dans une seconde region 
de monocristal isoiee (6, 7, 1 1, 13, 13) de la couche mince de Si, une electrode de source (14), une electrode 
de drain (15) et une electrode de grille isoiee (9); 
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une electrode d'entree commune connects a rgectrode de grille du transistor NMOS et a felectrode de 
du transistor PMOS; 

une Electrode de sortie commune connects a relectrode de drain du transistor NMOS et a ''electrode de drain 
du transistor PMOS; 

une alimentation de foible tension, connects a r electrode de source du transistor NMOS, pour lu appfiquer 
une premiere tension, de volts; et 

une alimentation de tension eievee connectee a relectrode de source du transista PMOS pour tui appiiquer 
une seoonde tension, de V D0 vote; dans I equal 

repaisseur de reotetion (2) verifle une relation exprimee par rexpresston : 

Tea>(V 0 o-V 86 -K 2 )/K 1 

danslaquelle 



K l s ^box (QfeN + Qbp) i 

K 2 -2* FN + 2* FP - 1,03 volts, ceox est une constartedataartjuede la couche dfeoiation de ba« (2). 
et Obp sort des charges de substrat torsque lee largeurs des couches de desertion des transistDni NMOS et 
PMOS (16, l7)sort maximistes, et s'expriment en coutomta e fcm 2 , et ^ et fry eont des pseudo-potentiels 
de Fermi des transistors NMOS et PMOS (16, 17), exprimee en volts, grace a quoi des transistors MOS para- 
sites, ayant le substrat serniconducteur ( 1) en tant qu'Oectrode de grille'cornmune. la couche dlsotatton (2) en 
tant qulsoiation de grille, la source (4) et le drain (5) du transistor NMOS (1 6) et la source (7) et le drain (6) du 
transistor PMOS (17), qui sort inherent* dans le circuit ne peuvent pas fcmctionner; 
ceproced6 6tant accompli paries operations survantes : 
on foumit une tranche de serniconducteur massif en siBdum rnonocristallin; 

on implante des ions cfoxygene dans lacfite tranche de serniconducteur massif, par irradiation de la surface de 
celle-ci avec des ions cfoxygene pour trois expositions effectives a trois energies dlmptentation ditlerentec, et 
on effectue un recutt par trahement thermique, pour termer ainsi la oouche dlsolation (2) en SiOfe qui separe 
une couche de surface de tedite tranche, qui dort conetituer au moire une parte tnferieurede la couche mince 
de Si (4-7, 10, 11, 12, 12*, 13, 13*), d'une parte restarts de la tranche, c'est-a-dire le substrat serrtconducteur 
massif (1) en sBicrum monoaistallin, repaisseur de la couche dlsolation (2) ainsi formee etant denvfron 1,3 

m\ 

on produit le transistor NMOS a couche mince (1 6) et le transistor PMOS a couche mince (1 7) dans et sur des 
premiere et seconde regions de monocristal isoiees respective* (4, 5. 10, 12, 12* et 6, 7, 11 , 13, 13*) de la cou- 
che mince de Si; 

on connecte les griHes respectrves (9. 9*) a une electrode d'entree cxjrnmune, et on connects les drains respec- 
tits (15, 15) a une electrode de sortie commune; et 

onloumit raiimentation de table tension et ralimentation de tension eievee et on les connecte aux sources res- 
pecthres des transistors NMOS et PMOS. 

Procede pour produire le substrat a matrice active (81 -65) dlin disposrW de visualisation a crista! liqtide ayant a la 
fois une parte de circuit cfattaque peripherique (71) et une parte de visualisation a matrice active (72), ce precede 
comprenant I'execution du procede consistent a produire un circuit inverseur CMOS a couche mince salon rune 
quelconque des revendicatois 1 ou 2, les transistors NMOS el PMOS a couche mince du circuit inverseur CMOS 
a couche rrtnce se trouvant a la peripherie du substrat SOI forme par le substrat sem^ 
rnonocristallin, la couche cf isolation et la couche mince de Si, et qui constitue un element d'une parte de circuit 
d'attaque peripherique (71) du substrat a matrice active du disposM de visualisation a cristal fiquide, et compre- 
nant egaiement les etapes survantes : 

on produit la parte de visualisation a matrice active dans et sur la oouche mince de Si, cette parte ayant des 
elements de commutation de pixel PMOS, on enleve la parte du substrat massrf en Si rrwnocristaflin qui est 
dispoeee entre la parte de visualisation a matrice active (72) de la couche mince de Si (85), et la surface 
arriere du substrat massif en Si rTwnocristaJlin, on amincit la parte de la oouche dlsolation (83-82) qiiestrrase 
a nu par I'enlevement de ladite parte du substrat massif en Si nionocristallin, et on remplit le vide forme par 
I'enfevement et I'arrtncissement avec une matiere de rempiissage (84) pnjtiquement transparent©, pour le 
renforcement 
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FIG. 1(a) 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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CHARACTERISTICS OF PARASITIC PMOS 



N - CHANNEL CONCENTRATION : SxlO^cm" 3 




T BOX 



18 



EP0 554 063B1 



FIG. 5 



PARASITIC CMOS SHUT • OFF 
CURRENT / VOLTAGE MARGIN 




a : ALLOWABLE CURRENT 1 ft A 
b : ALLOWABLE CURRENT 10 >«A 
c : ALLOWABLE CURRENT 100 pA 
d : ALLOWABLE CURRENT 1pA 
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FIG. 7(a) 
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FIG. 9 
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